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• This article reviews several peripheral neuroendo- 
crine relationships in the cervical region, namely the effect of 
the sympathetic innervation on adenohypophysial, thyroid 
and parathyroid hormone release, and the effect ofparasym- 
pathetic innervation in thyroid and parathyroid glands. The 
possible pathways through which the central nervous system 
modulates the circadian organization of the immune response 
are also reviewed and the relative importance of circadian 
control of immune reactivity through local sympathetic and 
parasympathetic nerves and of newoendocrine signals, like 
melatonin, is also discussed. Altogether the present article 
argues in favor of the concept that nerves arriving to the 
endocrine and lymphoid tissue constitute alternate pathways 
through which the brain controls immunoendocrine phenom 
ena. (BiomedRev 1998; 9: 47-59) 
INTRODUCTION 
• Besides affecting the contraction of a skeletal or smo 
oth muscle, the autonomic motor leg of the peripheral nervous 
system directly modulates exocrine, endocrine, and paracrine 
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relationships in secretory cells. Through the innervation of 
lymphoid tissues and blood marrow, the autonomic nervous 
system affects the amplitude of proliferative responses during 
the immune reaction or after a reduction of the erythrocyte 
mass. There is indeed an increasing information on the 
importance of appropriate sympathetic and parasympathetic local 
environments for a correct communication among proliferative 
cells. In turn, the activity of sensory fibers, e.g. substance P-
containing fibers, in the vicinity of endocrine and immune 
cells may serve to build up in the brain a viscerotopic map not 
dissimilar from that of dermatomes in the somatic nervous system. 
This may subserve a continuous monitoring of the neuro-
endocrineimmune "posture", feeding back to the unconscious 
part of the brain. 
The particular endocrine significance of the motor autonomic 
projections has been suspected since long. As an example of 
such an early interest, physiologists in the early thirties 
entertained several possible autonomic motor mechanisms to 
explain the ovulatory response that followed the cephalic 
electrical stimulation in rabbits that included communication to 
the adenohypophysis via the greater superficial petrosal 
nerve and the sphenopalatine ganglion, the cervical 
sympathetic chain, and the hypophyseal stalk (1-3). 
Although eventually the vascular connection derived from the 
pituitary stalk became the subject of central attention, a 
vascular adenohypophyseal innervation derived from 
sympathetic superior cervical ganglia (SCO) was described 
anatomically (4,5) and several endocrine sequela of SCO or 




Our interest in the neuroendocrine consequences of the 
manipulation of the peripheral sympathetic projections to the 
adenohypophysis arose from studies on the physiology of the 
neural input to the pineal gland, an organ heavily depending 
on SCO projections to synthesize the hormone melatonin. In a 
number of experiments we, as well as other researchers, found 
that pinealectomy (Px) and superior cervical ganglionectomy 
(SCGx), a procedure supposed to act exclusively via suppression 
of melatonin synthesis, differed in their consequences for such 
disparate behaviors as regulation of prolactin (PRL) release, of 
circadian rhythms or of water or sodium appetite (6-10). 
The present review article summarizes data indicating a 
functional regulation of medial basal hypothalamus (MBH) by 
SCO projections. How peripheral autonomic nerves of the 
cervical region modulate activity in endocrine organs 
(thyroid and parathyroid glands) and immune tissue (the 
submaxillary lymph nodes) is also reviewed. Finally, the relative 
involvement of the autonomic nervous system and of hormones 
like melatonin to convey circadian signals to the 
irnmunocompetent cells is discussed. Previous publications 
provide with detail different aspects of the subjects herein 
described (2,3,11-13). 
AUTONOMIC PROJECTIONS IM THE CERVICAL 
REGION 
• A number of neuroimmunoendocrine relevant 
structures are located in the cervical-cephalic region, among 
them the MBH-hypophyseal complex, thyroid and parathyroid 
glands, primary and secondary lymph organs, e.g. the thymus 
and the submaxillary lymph nodes, respectively, as well as the 
pineal and submandibular glands (2,3,11,12,14). As it is the 
case for many other autonomic territories, three major neuronal 
systems provide innervation to endocrine and immune 
structures in the cervical region. They comprise of (i) 
sympathetic noradrenergic neurons, located in the superior, 
inferior and/or middle cervical ganglia and reaching the organs 
via the SCO and the external carotid nerve (15,16), (ii) 
parasympathetic cholinergic neurons located in regional 
ganglia and receiving preganglionic input from the vagus nerve, 
and (Hi) peptidergic neurons, most of them belonging to local 
ganglia (17) (Fig. 1). 
Axons leaving the SCG provide sympathetic innervation to 
facial structures, the skull and the neck. In the rat, SCG ganglio-nic 
neurons are grouped in three main associations, including (i) a 
rostral group that projects via the internal carotid nerve (about 
35% of SCG neurons), (ii) a caudal group that projects via the 
external carotid nerve (about 50% of SCG neurons), and (Hi) a 
caudal group that sends descendent projections through the 
cervical sympathetic trunk (about 15% of SCG neurons). 
Topographical studies of functional subpopulations of 
neurons in the rat SCG (18) indicated that individual neurons 
have very limited projection fields and minimal contralateral 
innervation of bilateral targets. There was a general 
rostrocaudal organization of neurons with respect to the 
position of their targets and it con-elated with the exit sites of 
the neurons from the ganglion. The pineal gland, for example, 




Figure 1. Autonomic innervation of thyroid and parathyroid glands in the cervical region. The three top ganglia of the 
sympathetic chain, i.e. SCG, medial and inferior cervical ganglia, as well as the nodose ganglion in the vagus nerve trunk, are 
depicted. 
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an estimated 4% of rostrally located SCO neurons which reach 
the gland via the internal carotid nerve. The internal carotid 
nerve pathway is also the pathway followed by SCG postgan-
glionic fibers innervating intracranial structures such as the 
MBH or the neurohypophysis (Fig. 1). A peculiarity of the 
thyroid and parathyroid gland innervation provided by the 
SCG is that some of the innervating ganglionic perikarya are 
located in the middle and/or inferior sympathetic cervical ganglia 
and send their axons through the SCG and the external carotid 
nerves (15,16). Another discrete population of innervating 
thyroid sympathetic neurons is located in the SCG, as shown by 
retrograde tracing and immunocytochemistry. Several 
strategies have been employed to examine the neuroendocrine 
consequences of autonomic nerve manipulation. In some cases, a 
''deprivation experiment" was performed by examining the 
endocrine sequelae of SCGx or of parasympametic 
decentralization 14 weeks after surgery. In other cases, the 
transient postsynaptic activation that occurs either after 
electrical stimulation of the cervical sympathetic trunk to the 
SCG (19,20) or during the early phase of anterograde 
(Wallerian) degeneration of the sympathetic nerve endings in 
SCGx animals was analyzed (degeneration reaction) (21). 
Concerning Wallerian degeneration of nerves after SCGx, it is 
well established that, with a latency of 12 days, section of an 
adrenergic nerve is followed by a transient hyperactivity of the 
denervated organ as a consequence of the supraliminal 
transmitter release from degenerating adrenergic varicosities 
(22). One of the advantages of the degeneration activity paradigm 
is that the full period of Wallerian degeneration in the SCG 
pathway can be readily monitored in this way in the conscious, 
undisturbed animal by the extent of palpebral retraction (due to 
degeneration activity at the level of the periorbital muscles). It 
should however be noted that the degeneration-induced, 
continuous transmitter release is only an approximate 
indication of the phasic, physiologic release of transmitter that 
follows the stimulation of the afferent pathway. In the case of 
chronic denervation studies, the surgical denervations have 
clearly more advantages than, for example, a general chemical 
sympathectomy obtained by injecting the adrenergic 
neurotoxin 6-hydroxydopamine. Indeed, the general toxic 
effects of the drug can never be ruled out, and a number of 
autonomic systemic reflex sequelae arise, making it difficult to 
interpret the results obtained. 
PROJECTIONS OF SUPERIOR CERVICAL 
GANGLIA TO MEDIAL BASAL HYPOTHALAMUS 
• The notion that norepinephrin (NE)-containing 
terminals in the hypothalamus are mostly projections from cell 
bodies in the brainstem is accepted undisputedly (23). However, 
a peripheral source of basal hypothalamic NE is demonstrable 
by several means. For example, early histochemical fluorescen 
ce studies have indicated that after SCGx, the large, coarse, ca- 
techolamine-containing fibers associated primarily with blood 
vessels in the neurointermediate lobe disappear (24) and several 
years ago we reported a significant decrease of MBH 3H-NE 
uptake (25) and a 40-60% decrease of rat median eminence NE 
content after SCGx (26). Such drastic changes in transmitter high 
affinity uptake and content indicated that at least a portion of 
noradrenergic nerve terminals in the median eminence 
derived from the SCG. Indeed, the concentration of NE in rat 
median eminence did not fall to zero after bilateral 6hydroxy-
dopamine lesions of the ventral pons, suggesting that as much as 
25-40% of the NE in the median eminence originates in 
anatomical structures outside the ventral bundle (27). To obtain 
information on other possible neurochemical sequela of SCGx in 
MBH, we examined recently the metabolism of dopamine and 
serotonin (28). Eight days after SCGx of rats, MBH dopamine and 
serotonin turnover decreased, while the steady state levels of 
biogenic amines increased, indicating that peripheral 
sympathetic denervation of MBH may lead to a depression of 
dopamine and serotonin release. Moreover, MBH changes 
caused by the ectopic PRL secretion from a pituitary graft, 
namely the increase of dopamine turnover and decrease of 
serotonin turnover, were attenuated by SCGx (28). Other areas 
anatomically related to the median eminence become partially -
denervated after SCGx. This is the case of the neurointermediate 
lobe, whose NE fibers are in part peripheral, as shown by the 
40% decrease of posterior pituitary NE content after SCGx (29). a 
1-adrenoceptor binding sites, autoradiographically detectable in 
the neural lobe of the rat pituitary, increased in number after 
SCGx, but not after pituitary stalktransection, thus indicating 
their association with peripheral NE-containing fibers (30). 
In order to show that the neurochemical changes in MBH during 
the degeneration phase of sympathetic nerve endings after 
SCGx were accompanied by modifications of adenohypophy-
seal hormone release, a number of experiments were carried 
out, largely in our laboratory, during the last 15 years (2,11,12). 
As far as the hypothalamic-hypophyseal-ovarian axis, SCGx of 
cycling female rats, performed at 24:00 h of diestrus II, i.e. about 
16-18 hours in advance of the critical period of gonadotropin 
and PRL release, caused 14 days delay of cycle, as shown by 
leukocytic diestrous vaginal smears, at the end of which the 
estrous cycle resumed. SCGx at 24:00 h on the day of estrus did 
not modify estrous cyclicity (31). The results indicated that 
sympathetic nerve degeneration after SCGx must coincide with 
the stimulus for gonadotropin release, e.g. its preovulatory 
surge, to disrupt estrous cyclicity. The inhibitory effect of 
peripheral Wallerian degeneration on gonadotropin and PRL 
release was also found in Px rats (31), indicating that the effect 
observed was independent of the melatonin release taking place 
during Wallerian degeneration. In confirmation of the cycling in 
rats mentioned above. Dziedzic and Walczewska (32) recently 
reported that SCGx decreased luteinizing hormone-releasing 
hormone (LHRH) content in the median eminence of female 





Biomed Rev 9, 1998 
  
  
vance to sacrifice. It is interesting that under certain circum 
stances, like the post-orchidectomy rise of luteinizing hormone 
(LH), the MBH concentration of LHRH increased, while the 
pituitary response to LHRH remained normal, at the time of 
Wallerian degeneration of sympathetic nerves after SCGx (33). 
Collectively, the observations suggest that a major effect of 
peripheral nerve endings in the median eminence is the modu 
lation of LHRH release. - 
In the case of hypothalamic-hypophyseal-thyroid axis, we, as 
well as others, found that a significant depression of thyroid-
stimulating hormone (TSH) release taking place during the 
anterograde degeneration phase after SCGx (21,34). Similar to 
what was found for the LHRH response, a normal pituitary 
response to thyrotropin releasing hormone (TRH) was observed 
during the Wallerian degeneration of sympathetic nerves. In a 
study designed to examine the levels of serum growth 
hormone (GH) and PRL, and of MBH GH-releasing 
hormone (GHRH), thyrotropin-releasing hormone (TRH) and 
somato-statin, from 16 h to 7 days after bilateral SCGx of adult 
male rats (35) we reported significantly lower serum GH and 
PRL, and higher MBH GHRH and TRH levels as compared to 
controls during the Wallerian degeneration phase; MBH 
somatostatin concentration decreased in SCGx rats. The data, 
together with the previously observed decrease in MBH 
corticotropin-releasing hormone (CRH) and arginine 
vasopressin (AVP) content found in SCGx rats during the 
Wallerian degeneration phase (36), as well as with the LHRH 
data mentioned above, indicated that a modulator/ role of 
peripheral sympathetic nerve terminals is exerted on 
hypophysiotropic hormone release. A previous Px did not 
modify the changes in hypophysiotropic or hypophyseal 
hormone release found during the Wallerian degeneration 
phase after SCGx. Some studies have also dealt with chronic 
effects of SCGx on adenohypophyseal hormone secretory 
mechanisms. Two weeks after SCGx, Tan and Ogawa (37), for 
example, reported that follicle-stimulating hormone (FSH) and 
LH cells of the rat hypophysis increased in number and 
immunostaining density, compatible with augmentation of their 
functional activity. On the contrary, GH cell number 
decreased. In the case of the hypothalamic-hypophyseal-
adrenal axis, Siaud et al (38) reported that 5 to 10 days after 
SCGx, the circadian rhythms of ACTH and corticosterone were 
suppressed and the mean ACTH concentrations increased as 
compared to sham-operated rats, while the mean plasma 
corticosterone levels remained unmodified. 
The observation of a depressed TSH release after acute SCGx 
led us to assess the homeostatic significance of SCO 
projections in the adaptation of rats to a cold environment. 
Regardless of the prior temperature at which the rats had been 
maintained, superimposing the anterograde degeneration of 
nerve terminals in the SCG field of projection to animals' 
exposure to a cold environment for 24 h, resulted in death of 
almost all 
SCGx rats, while sham-operated controls survived adequately 
(39). This was a strong indication that a normal SCG input is 
needed to produce an appropriate adaptive response to cold 
stress. We further examined the role of the SCG pathway in 
adaptation of rats to stress (40). By superimposing the Wallerian 
degeneration phase after SCGx to immobilization stress, an 
inhibition of the stress-induced LH and corticosterone response 
was found; the effect was not observed in animals submitted to 
SCGx 1 week earlier. In another study, the efficacy of a 
sympathetic thyroid denervation to prevent the thyroid axis 
depression evoked by an injection of the stressor agent 
turpentine oil in rats was assessed (41). We found that SCGx, 
or the bilateral section of external carotid nerves (the neural 
pathway connecting the SCG with the thyroid), but not of 
internal carotid nerves, prevented the depression of thyroid 131I 
uptake or thyroxine (T4) release after turpentine. An increase in 
thyroid NE turnover rate was found in rats after turpentine oil 
injection 
(41). Collectively, the above discussed results suggest that 
peripheral projections from the SCG play an important role in 
adaptation to stress. 
As far as the neurointermediate lobe, data on changes of 
vasopressin release during Wallerian degeneration after SCGx 
(29) indicated a depressive effect of nerve degeneration, thus 
indicating a negative influence of peripheral sympathetic 
projections on neurohypophyseal hormone release. 
However, Lipinska et al (20) reported a vasopressin release, 
rather than inhibition, from posterior pituitary lobe incubated 
after acute preganglionic stimulation of the rat SCG, and in a 
recent study 
(42) described an increase in vasopressin release into the 
hypophyseal portal blood after acute electrical SCG stimulation 
in the rat. Stimulation of SCG did not evoke an increase in 
oxytocin in the blood plasma of hypophyseal portal vessels,   •> 
indicating the rather specific action of the peripheral sympa-   i 
thetic projections. Other posterior pituitary lobe activities, like 
cardiodepressant activity, were also modified by the acute electrical 
stimulation of SCG nerves (43). 
The reasons for the discrepancies between Wallerian 
degeneration and acute electrical stimulation of SCG studies as 
far as neurohypophyseal hormone release are not readily 
apparent; neither procedure provides the optimal physiological 
situation to analyze the involvement of SCG in neuroendocrine 
regulation. The continuous release of transmitter from 
degenerating nerves may cause changes in postsynaptic 
sensitivity that would lead to paradoxical results. On the 
other hand, a major drawback for the acute electrical stimulation 
paradigm of peripheral sympathetic nerves is that the animal must 
be immobilized and anesthetized, a situation which does interfere 
with the hormonal measurements. The development of 
programmed, unstressful nerve stimulation techniques in the 
conscious animal under long term basis could be very helpful 




Cardinal! and Esquifino 50 
Biometl Rev 9, 1998 
Neuroimmunoendocrinology and autonomic nervous system 
  
The effect of adrenergic blocking agents on the changes observed 
during Wallerian degeneration after SCGx in rats has been 
thoroughly explored (2,11,12). Generally, degeneration activity 
was assoc iated with postsynaptic a 1 -adrenoceptor stimu lation, 
with some exceptions in which the effects were still observed 
following after a- plus (3-adrenergic blockade. To what extent 
neuropeptides, e.g. neuropeptide Y (NPY), are responsible for 
the nonadrenergic effects of acute SCGx needs to be explored. 
Indeed the pituitary gland receives both central and peripheral 
NPY innervation and within the posterior lobe of the pituitary 
gland two morphologically distinct NPY-immunoreactive fiber 
populations were discovered, namely thinner parenchymal 
terminals of a central origin, distinct from the neurosecretory 
terminals, and thicker, perivascular fibers, of SCG origin (44). 
The mechanism through which peripheral sympathetic neurons 
modify' median eminence function remain to be clarified. They 
may represent a particularly sensitive vasomotor effect of 
peripheral noradrenergic terminals. Alternatively, they may 
involve a more complex interrelationship, such as a modulatory 
effect on hypophysiotropic hormone release. Arterioles of 
human stalk and median eminence have highly muscular walls, 
and reflex constriction of these vessels following postpartum 
hemorrhage has been indicated as a factor in the genesis of 
postpartum pituitary infarction, Sheehan's syndrome (45). 
Indeed, a number of observations point out to the importance of 
SCG projections to regulate regional blood flow in brain. SCG 
activity affects the phenotype of smooth muscle cells of cerebral 
arteries (46) and is of great importance for cerebral blood flow 
autoregulation (47-49). SCG projections are one of the factors 
increasing the heterogeneity of venous oxygen saturation in 
selective brain regions (50) and the sympathetic innervation 
of the vasculature of the head plays role in the control of 
selective brain cooling of sheep (51). Indeed, SCGx resulted in a 
significant reduction of hypothalamic temperature. However, the 
hypophyseal portal blood flow did not change during 
preganglionic stimulation of SCG under condition of systemic 
arterial blood pressure stabilization in the rat (52). 
AUTONOMIC INNERVATION OF THYROID GLAND 
ACINI 
• A modulatory function of thyroid innervation on 
thyroid endocrine role has long been suspected (53). Auto 
nomic nerves arriving at the thyroid gland make contact not 
only with tissue vasculature but also with the endocrine cells, 
thus providing the anatomical basis for a peripheral neuroen- 
docrine relationship (54,55) (Fig. 1). 
• Effect of sympathetic innervation 
It has been postulated that in the presence of very low or 
absent levels of TSH, catecholamines increase thyroid output, 
while in the presence of normal or augmented TSH levels such 
an action is inhibitory (54). In mice injected with NE and having 
suppressed or pharmacologically increased circulating TSH, 
changes in T4 are compatible with the proposed dual activity of 
NE. Experiments employing electrical stimulation of SCG in T4-
treated mice have indicated a stimulatory activity of 
noradrenergic nerves in the presence of low or suppressed 
circulating TSH (54). On the other hand, injection of TSH into 
mice previously treated with 2-deoxyglucose, a drug that 
increases peripheral sympathetic activity, failed to augment T4 
release (56). Likewise, we reported that in rats having 
degenerating sympathetic nerve terminals in the SCG field of 
projection after SCGx, the activity of exogenous TSH to 
increase T4 release was blunted (12). Therefore, in the 
presence of nearly normal or increased TSH levels, NE release 
from local sympathetic nerves provides a negative signal for 
T4 release. 
Studies performed in chronically SCGx rats also provided 
evidence for the role of cervical sympathetic nerves in 
thyroid regulation (57). In rats studied 24 weeks after SCGx, 
an increased goitrogenic response to endogenous or 
exogenous TSH was found (58). The goiterpromoting effect 
of chronic SCGx was observed ipsilaterally when a unilateral 
thyroid lobe denervation was performed. Ipsilateral SCGx amplified 
the compensatory growth that followed hemithyroidectomy 
and increased T4 secretion from the remaining lobe (59). An 
increased mitotic index and a- and p-adrenoceptor binding, 
concomi-tantly with decreased blood flow, were observed in the 
thyroid gland of chronic SCGx rats (57-59). Nerve terminals 
originated in the SCG ganglia also controlled mitotic activity in 
other tissues. SCG sympathetic stimulation of the eye, for 
example, resulted in corneal epithelial proliferation and topical 
applications of NE to eyes that had been deprived of their 
sympathetic innervation completely reversed the antiproliferative 
effect of ocular sympathectomy (60). The administration of a-
adrenoceptor blockers counteracted the serum T4 reduction 
found in SCGx rats during the Wallerian degeneration phase 
(61). Similarly, during the increased autonomic nerve activity 
obtained by injecting 2-deoxyglucose into mice, the 
adrenoceptor blocker phentolamine prevented the inhibition of 
TSH-induced thyroid hormone release (56). A similar cc-
adrenergic mediation of NE inhibition of TSH activity on the 
thyroid was reported in vitro, indicating that the NE exerts a direct 
modulatory effect on thyroid acini (62). a-adrenoceptor 
blockade, as well as combined a- and p-adrenoceptor blockade, 
potentiated the inhibition of T4 release observed during 
Wallerian degeneration of sympathetic nerves (61). This 
pharmacological study suggests that (i) NE acts on inhibitory 
and stimulatory adrenoceptors of thyroid cells to modify TSH-
induced T4 release, and (ii) in addition to NE, other inhibitory 
transmitter(s) are released from degenerating nerve terminals, as 
indicated by the persistence of depressed T4 levels after the 
combined administration of a- and p-adrenergic blockers. A 
number of neuropeptides. such as V1P, NPY. substance P, are 










• Effect of parasympathetic innervation 
Preganglionic parasympathetic input to local thyroid neurons 
derives from the dorsal motor nucleus of the vagus and is 
conveyed v/'athe vagal and inferior laryngeal nerves (ILN) and 
the thyroid nerve (TN) (Fig. 1). Cholinergic fibers enter the thyroid 
and innervate both the blood vessels and the follicular cells 
(55). Therefore, the existence of a cholinergic control of 
thyroid activity has long been envisioned (53). Several studies 
have indicated that cholinergic agonists impair both basal and 
TSH-induced thyroid hormone release, suggesting an inhibitory 
influence of thyroid parasympathetic nerves (54). However, the 
electrical stimulation of vagal nerves increased I31I labeled 
hormone release in dogs (63), while vagotomized pigeons, 
although exhibiting morphological signs of increased thyroid 
follicle activity, showed reduction of T4 release (64). It should be 
noted that either vagus nerve section or stimulation probably 
triggers a number of reflexes ascribed to the whole vagus 
territory, making it difficult to attribute the results exclusively to 
local thyroid effects. 
We examined the role of thyroid parasympathetic innervation in 
rats subjected to a regional parasympathetic decentralization by 
ILN section (65). These animals exhibited an impaired goitro-genic 
responses and, after hypophysectomy, showed a further 
involution of the atrophic thyroid gland. ILN section partially 
impaired thyroid compensatory growth and the increase in 
thyroid mitotic index found in hemithyroidectomized rats. The 
findings indicate that parasympathetic nerves are needed to 
maintain an appropriate thyroid growth in the presence of high 
circulating TSH levels, as well as a minimal thyroid trophism in 
the absence of TSH. Whether or not the consequence of ILN 
section is only vasomotor, or implies a direct effect on acinar 
function is unknown. Additionally, the extent of involvement of 
local peptidergic neurons is presently unknown. 
AUTONOMIC INNERVATION OF THYROID C-
CELLS 
• Effect of sympathetic innervation 
Sympathetic nerve fibers can be traced to the vicinity of thyroid 
parafollicular C-cells and pharmacological studies have 
suggested a modulator/ role of circulating catecholamines on 
calcitonin release by C-cells (55,66). In exteriorized canine thyroid 
lobes, perfusion of epinephrine was shown to increase 
calcitonin release, providing that cc-adrenoceptor effects were 
blocked by administering the a-blocker phentolamine. A number 
of pharmacological studies in experimental animals and 
humans support such a p-stimulatory and oc-inhibitory effect of 
catecholamines on calcitonin release (66). Both a decrease in 
maximal calcitonin release and a delay in attaining the maxi- 
mum were detectable in SCGx rats injected with calcium chloride 
(67). After increasing the hypercalcemic challenge this 
inhibition was overcome. Blockade of a-adrenoceptors with 
phenoxybenzamine suppressed the inhibition of C-cell 
response during anterograde degeneration after SCGx. oc-
adrenoceptor blockade by propranolol did not modify 
calcitonin release during nerve degeneration, but was effective 
in blunting phenoxybenzamine activity (67). A reasonable 
explanation for these results is that the supraliminal release of 
NE, a catecholamine displaying a greater activity on a- than 
on P-adrenoceptors, from the degenerating terminals produces 
activation of both types of adrenoceptor on C-cells, the cc-
effects being predominant. In a series of studies designed to 
examine the C-cell response to stress, as well as the 
participation of SCO neurons in rats injected with turpentine oil, 
we found that removal of the SCG had a relatively minor 
effect on stress-induced depression of calcitonin release (68-
70). 
• Effect of parasympathetic innervation 
Parasympathetic nerve fibers can be traced to the vicinity of 
thyroid parafollicular C-cells (55,71,72) although 
pharmacological studies on the cholinergic modulation of 
calcitonin secretion are controversial. Surgical section of TN or 
ILN nerves (73) caused a significant fall in total serum 
calcium 10 days later, accompanied by a significant decrease of 
calcitonin levels after ILN section only. Following calcium 
chloride injection, the increase of serum calcitonin was greater, 
and the increase of serum calcium levels was smaller, in TN-
sectioned rats as compared to sham-operated controls. In ILN-
sectioned rats, the secretory response of calcitonin and the 
hypercalcemia achieved after a calcium chloride challenge was 
significantly greater than in controls. A correlation study of the 
data indicated that the slopes of correlation between serum 
calcium and calcitonin levels in TN- and ILN-sectioned rats 
were significantly greater than in controls. The results were 
interpreted to indicate that ILN and TN have an inhibitory 
parasympathetic effect on C-cell secretion (73). 
AUTONOMIC IMMERVATIOM OF PARATHYROID 
GLANDS 
• Effects of sympathetic innervation 
Early studies provided histochemical evidence on the autono-
mic innervation of parathyroid cells. Using the horseradish 
peroxidase-retrograde transport method after injection into the 
parathyroid gland, numerous labeled cells were observed in 
the caudal half of ipsilateral SCG while in the medulla oblon-
gata, labeled neurons were found in the dorsal nucleus of the 
vagus (72) (Fig. 1). In vitro, adrenoceptor agonists affected 
PTH release in parathyroid cells and slices. In intact rats and 
cattle pharmacological stimulation of p-adrenoceptors 
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lowed by a decrease in PTH (66). Furthermore, hypocalcemia 
and/or increases of circulating PTH levels are common findings 
during stress. The response of parathyroid glands of rats whose 
SCO nerves underwent Wallerian degeneration was tested by 
injecting the hypocalcemic agent EDTA (74). Shortly after 
SCGx, a significant impairment of parathyroid cell's response to 
hypocalcemia was observed. As in the case of calci-tonin or T4 
release, the major inhibitory effect of NE released during nerve 
degeneration was mediated by a-adrenoceptors. We also 
examined the effect of chronic SCO ablation on PTH and 
calcium levels in rats. By two weeks after SCGx, basal levels 
of PTH were increased in the presence of unchanged calcium 
levels, as compared to sham-operated rats. The general pattern 
of PTH response differed significantly showing a slower 
response in SCGx rats the results indicating a modified 
sensitivity of parathyroid cells after chronic regional 
sympathetic denervation. To assess whether the cervical 
sympathetic nervous system was involved in conveying 
information to parathyroid cells on stress, a bilateral SCGx was 
performed in rats 14 days before to turpentine oil administration 
(68). SCGx blocked partially the PTH increase observed after 
turpentine oil injection. These results indicate that the stress 
resulting from turpentine oil administration affects PTH 
homeostasis and suggest the partial involvement of the 
sympathetic neural pathway in conveying information on 
stress to the parathyroid glands. In a clinical follow-up of this 
study, we reported the correlation of serum and urinary 
calcium levels with the degree of psychopathology in stressed 
patients (75). A non-parametric bivariate correlation analysis 
revealed a negative correlation of psychopathology with serum 
calcium, while urinary calcium levels correlated positively. In 
view of the modu-latory role of the peripheral autonomic 
innervation on thyroid C-cells and parathyroid function above 
documented, it was tested the potentiality of PTH and 
calcitonin to modify autonomic ganglion activity. In our studies, 
cholinergic neurotrans-mission in the rat SCG was modulated by 
PTH and calcitonin, presumably as an indication of the feedback 
loop linking sympathetic activity with thyroid and parathyroid 
glands (76,77). This kind of regulating system has previously 
been described for T4 effects on SCG function (78). 
• Effect of parasympathetic innervation 
Pharmacological data support the existence of cholinergic 
receptors in parathyroid cells (66). Cholinergic agonists decreased 
PTH release from bovine parathyroid slices, an effect that was 
antagonized by atropine. The systemic administration of 
cholinergic agonists to rats decreased serum PTH levels, the 
effect being also blocked by atropine. The administration of 
atropine alone augmented serum PTH levels, suggesting that a 
musca-rinic cholinergic tone with an inhibitory effect on PTH 
release is present in vivo (66). We examined the effects of regional 
surgical parasympathetic decentralization of parathyroid 
glands 
on PTH secretion in rats. Specifically, we wanted to assess the 
physiological consequences of the surgical section of TN and 
ILN on basal PTH secretion as well as on the response of PTH to 
an appropriate hypocalcemic challenge (73). Both surgical 
sections significantly decreased parathyroid neuronal 3H-cho-
line uptake (an index of cholinergic innervation). A significant 
fall in total serum calcium and a significant increase in serum 
PTH were observed 10 days after TN and ILN sections. When 
parathyroid sensitivity to a hypocalcemic challenge was 
assessed, a significantly greater serum PTH response to EDTA 
was detectable in TN- or ILN-sectioned rats. A correlation study 
of the data indicated that the slopes of correlation between 
serum calcium and PTH levels in TN- and ILN-sectioned rats 
were significantly steeper than in controls. The results 
indicate that ILN and TN exert an inhibitory parasympathetic 
influence on parathyroid secretion (73). In summary, the 
results about calcitonin and PTH release in rats during 
Wallerian degeneration after SCGx, turpentine oil-induced 
stress, or during the chronic absence of sympathetic or 
parasympathetic neural input, support the view that peripheral 
autonomic nerves play a modulatory role of endocrine cell 
responsiveness to the appropriate hyper or hypocalcemic 
stimulus. This modulatory level is superimposed upon the 
feedback level of organization of calcium homeostasis (13). 
CIRCADIAN ORGANIZATION OF THE IMMUNE 
RESPONSE 
• In the last 15 years, the concept that in almost every 
physiologic circumstance the central nervous system (CNS) 
and the immune system interact has emerged, giving rise to 
neuroimmunology as an independent discipline. One conse 
quence of CNS regulation of immune response is the strong 
circadian organization that immune function exhibits, driven 
by signals derived the nervous structures linked to the circa 
dian apparatus (79). 
Two immune circadian systems have been identified: (i) the 
circulation of T, B, or natural killer (NK) lymphocyte subsets in 
peripheral blood, and (ii) the density of epitope molecules 
(e.g. CD4, CDS) at their surface, which may relate to cell 
reactivity to antigen exposure. In CB A mice, for example, 
macroph-age spreading and ingestion ability are significantly 
lower at the beginning and higher at the end of the dark period, 
while a significant increase in blood T lymphocytes and 
helper/inducer T lymphocyte percentages occurred during the 
dark period 
(80). Studies in mice placed on 12-12 hr light-dark schedule 
showed that hours after lights on had a significant effect on 
body temperature, percentage of splenic B cells, T pan, T helper 
and T suppressor cells, and absolute numbers of T pan cells 
(81). In addition, the response of splenocytes or lymph node 
cells to immunosuppression strongly depended upon 
circadian time of exposure (82). Changes in lymphocyte subset 
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cell proliferation in immunocompetent organs as well as to nycto-
hemeral modifications in lymphocyte release and traffic among 
lymphoid organs. 
During the last years we examined the regulation of levels and 
circadian rhythinicity of ornithine decarboxylase (ODC) activity 
in rat submaxillary lymph nodes and spleen during the immune 
reaction, as an indicator of the extent of cell proliferation in 
lymphoid tissue. In both immunized and nonimmunized rats, we 
reported a significant diurnal variation of submaxillary lymph node 
ODC displaying maximal activity at 13:00-17:00 hratthe same 
time of maximal lipopolysaccharide- and concanavalin A-induced 
cell proliferation in submaxillary lymph nodes. We also reported in 
rat spleen daily rhythms in NK. activity and lipopoly-saccharide-
induced cell proliferation exhibiting a maximum at midnight and 
at early morning, respectively, while concanavalin A-induced 
lymphocyte proliferation peaked at midday (83). Splenic ODC 
showed a maximum at morning hours, which coincided temporally 
with changes in some immune-related parameters, e.g. mitogenic 
activity. 
Theoretically, two possible pathways through which the CNS 
may modulate the circadian organization of the immune response 
should be considered. One is purely neuroendocrine and 
involves the strong circadian profile of secretion of many hormones, 
like corticoids or melatonin. Another includes the direct 
circadian control of immune reactivity through the autonomic 
nervous system innervating the lymphoid organs (3). Their 
relative importance is discussed below. 
• Role of autonomic innervation in circadian control of 
lymphoid organs 
Lymph nodes in the cervical region, like the submaxillary lymph 
nodes, receive sympathetic innervation from neurons located in 
the SCG, whose activity shows a strong circadian functional 
organization. Based on this, an experimental model was 
developed comprising the submaxillary lymph nodes and the 
local ipsilateral manipulation of regional sympathetic nerves 
and/or the ipsilateral manipulation of the regional 
parasympathetic nerves (conveyed through the lingual nerve 
chorda tympani) (Fig. 2). This experimental approach allowed us 
to uncover the local effects of the autonomic nerves in the 
ipsilateral dener-vated lymph nodes, when compared with the 
contralateral, sham-operated side. In this way, any difference in 
the immune response between ipsilateral and contralateral 
lymph nodes could be ascribed to a local effect of the nerves, 
independently of the occurrence of systemic effects of the surgical 
manipulation itself. 
It is generally accepted that SCG neurons increase their activity 
at night, e.g. nicotinic cholinergic transmission in rat SCG, 
which is instrumental for stimulation of ganglion neurons and 
is triggered by acetylcholine release from preganglionic fibers, 
exhibited a circadian organization with a high activation during 
the first half of the night (2). Hence it was hypothesized that 
the nyctohemeral changes in submaxillary lymph node ODC 
activity could be related to a circadian signal conveyed via the 
sympathetic neurons arriving at the lymph nodes (83-86). Diurnal 
rhythm of cell proliferation after Freund's adjuvant injection, as 
assessed by ODC, was measured in submaxillary lymph nodes of 
rats subjected to an ipsilateral SCGx and/or a chorda tympani 
section 10 days earlier. In sympathetically denervated plus 
parasympathetically decentralized submaxillary lymph nodes, 
the normal diurnal variation, that is, a maximum in cell 
proliferation at 17:00 hr, became significantly suppressed. It 
was thus concluded that an important regulation of circadian 
rhythms in cell proliferation in lymph nodes derived from the 
autonomic nerves. 
• Role of melatonin in circadian control of lymphoid 
c-        organs 
A compelling information has accumulated that biological time 
measurement in adult and fetal mammals is critically dependent 
upon the melatonin signal released by the pineal gland (84,87-
89). The mechanisms sensitive to melatonin, which mediates 
the clock message, may reside in the brain, in the biological 
clock itself, i.e. the suprachiasmatic nuclei. There are also data 
indicating that melatonin receptors are universally distributed 
throughout in the body and can convey circadian-meaningful 
information to every cell in the organism, playing the role of an 
"internal synchronizer". Among melatonin's versatile functions, 
immunomodulation has emerged as a major effect. Indeed the 
melatonin rhythm seems to be a very important efferent pathway 
of the suprachiasmatic nuclei to impose synchrony to the 
immune system. The brain, as well as the peripheral immune 
cells, can be thus able to encode an accumulated memory of 
melatonin signals, thereby defining time intervals at the 24-
hour cycle as well as the annual scale. Pinealectomy (Px) or any 
other experimental procedure that inhibits melatonin synthesis 
and secretion induces in general a state of immunodepression 
that is counteracted by melatonin in several species (79). In 
vivo, melatonin displays an immunoenhancing effect, 
particularly apparent in immunodepressive states on various 
immune parameters. Melatonin administration augments 
antibody responses, such as plateforming cell activity, 
cytotoxic T-cell response against vaccinia virus and antibody 
dependent cellular cytotoxicity, corrects immunodeficiency 
that followed stress, immunosuppressant drugs or viral 
infections, and prevents apoptosis in hematopoietic cells and 
thymocytes (89). 
We examined the effect of pineal suppression and of melatonin 
replacement on diurnal variations in submaxillary lymph node 
ODC activity in rats subjected to Px, bilateral SCGx or their 
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Freund's complete adjuvant (85). From the day after surgery, 
rats received 11 daily injections of 30 |ag of melatonin or 
vehicle, one hour before lights off. In Px rats, ODC activity 
decreased by about half, while it still exhibited significant diurnal 
variations with maxima at 13:00 hr. After a bilateral SCGx, abolition 
of circadian rhythmicity in ODC and depression of enzyme 
activity to about 1/2 - 1/3 of controls were found in submaxil-
lary lymph nodes. Administration of melatonin at late evening 
restored ODC levels and amplitude of diurnal rhythmicity both in 
Px and SCGx rats. Likewise, melatonin treatment was effective to 
augment enzyme levels and amplitude of circadian variations in 
submaxillary lymph node ODC activity of sham-operated 
controls. 
In the spleen of immunized and nonimmunized rats, significant 
diurnal variations in ODC activity were detectable, with a 
maximum at early morning, acrophases after Cosinor analysis 
varying from 08:45 to 11:00 h (86). In Px or SCGx, immunized 
rats, splenic ODC activity attained values significantly lower 
than those of immunized sham-operated controls, while 
amplitude decreased significantly by about one-third. 
Administration of melatonin (30 jag/animal for 11 days) 
significantly augmented 
mesor levels of splenic ODC activity and increased the amplitude 
of the its rhythm both in Px and in SCGx rats. The results are 
compatible with the view that the pineal gland plays a role in 
circadian changes of immune responsiveness in rat submaxillary 
nodes and spleen via an immunopotentiating effect of 
melatonin on lymph node and splenic cell proliferation. 
Another subject addressed in our experiments concerned as to 
whether melatonin affected the diurnal change in activity of 
local autonomic nerves in submaxillary lymph nodes and spleen, 
which are concomitant with the immune response. Indeed, the 
interaction between the CNS and the immune system is a 
bidirectional process, immunocompetent cells affecting local 
neural processes by paracrine means through the release of 
cyto-kines and by endocrine means on the CNS via the 
bloodstream (90). During the immune reaction there was an 
increase of sympathetic and parasympathetic activity in local 
nerves, as indicated by the significant increase of tyrosine 
hydroxylase (TH) activity of submaxillary lymph nodes and 
spleen, and of 3H-choline conversion into acetylcholine and of 
norepinephrine and choline uptake in submaxillary lymph nodes 





Figure 2. Sympathetic and parasympathetic innervation of submaxillary lymph nodes. From Ref 3. 
 















and splenic sympathetic activity attained their maximum at early 
night, while cholinergic activity in lymph nodes peaked during 
the afternoon. Px evoked a significant decrease of submaxil-
lary lymph node TH and acetylcholine synthesis. Each effect of 
Px was significantly counteracted by melatonin injection. In 
sham-operated rats, melatonin also augmented lymph node 
TH activity and acetylcholine synthesis. In the same series of 
experiments, immunization increased significantly mesor values 
of splenic TH activity, whereas neither Px nor SCGx affected 
circadian rhythm parameters. Melatonin treatment augmented 
mesor values of splenic TH rhythm and increased its amplitude 
in Px, SCGx or sham-operated rats. Therefore, melatonin may act 
in part by modifying circadian rhythmicity of neural signals 
conveyed to the immunocompetent organs via the autonomic 
nerves. 
ACKNOWLEDGMENTS 
• This work was supported by grants from the Universi 
ty of Buenos Aires, Consejo Nacional de Investigaciones 
Cientificas y Tecnicas, Argentina, DGICYT, Spain, and the 
Community of the European Countries, Brussels, Belgium. 
REFERENCES 
1. Benoit J, Assenmacher 1. Ee controle hypothalamique de 
I'activite prehypophysaire gonadotrope. JPhysiol (Paris) 
1955; 47:427-567. 
2. Cardinal! DP, Stern JE. Peripheral neuroendocrinology of the 
cervical autonomic nervous system. Braz J Med Biol Res 
}994;27\573-99X. 
3. Esquifino AI, Cardinal! DP. Eocal regulation of the immune 
response by the autonomic nervous system. Nenroimmn-
nomodnlation 1994; 1:265-273. 
4. Brooks C, Gersh I. Innervation of the hypophysis of the ^   
rabbit and rat. Endocrinology 1941; 28: 1 -5. 
5. Metuzals J. Hypothalamic nerve fibers in the pars tuberalis 
and pia-arachnoid tissue of the cat and their degeneration 
pattern after a lesion in the hypothalamus. Experientiu 1959; 
15:36-38. 
6. Cardinal) D, Faigon M, Scacchi P, Moguilevsky J. Failure of 
melatonin to increase serum prolactin levels in ovariecto-
mized rats subjected to superior cervical ganglionectomy or 
pinealectomy. JEndocrinol 1979; 82: 315-319. 
7. Gejman P, Cardinal! D, Finkielman S, Nahmod V. Changes in 
drinking behavior caused by superior cervical 
ganglionectomy in rats. JAnton Nerv Syst 1981; 4: 249-259. 
8. Lincoln G, Klandorf H, Anderson N. Photoperiodic control of 
thyroid function and wool and horn growth in rams and the 
effect of cranial sympathectomy. Endocrinology' 1980; 107: 
1543-1548. 
9. Joshi B, Vaughan M, Reiter R. Insensitivity of the reproductive 
system of pinealectomized, superior cervical ganglione- 
ctomized male Syrian hamsters to twice daily injections of 
melatonin. Nenroendocr Lett 1985; 7: 191-195. 
10. Bobbert AC, Duindam H, Riethoven JJ. Pinealectomy 
decelerates the circadian food intake rhythm of cervically 
sympathectomized rabbits. Chronobiol Int 1992; 9: 297-
309. 
11. Cardinal! DP, Romeo HE. Peripheral neuroendocrine 
interrelationships in the cervical region. News Physiol Sci 
1990; 5:100-104. 
12. Cardinal! DP, Romeo HE. The autonomic nervous system of 
the cervical region as a channel of neuroendocrine 
communication. Front Neuroendocrinol 1991; 12:278-297. 
13. Stern JE, Cardinal! DP. Influence of the autonomic nervous 
system on calcium homeostasis in the rat. Biol Signals 
1994; 3: 15-25. 
14. Bissonnette EY, Mathison R, Carter E, Davison JS, Befus 
    AD. Decentralization of the superior cervical ganglia 
inhibits mast cell mediated TNF alpha-dependent cytotoxi- 
city. 1. Potential role of salivary glands. Brain Behav Immiin 
1993; 7:293-300. 
15. Bowers C, Zigmond R. Sympathetic neurons in lower 
cervical ganglia send axons through the superior cervical 
ganglion. Neuroscience 1981; 6: 1783-1791. 
16. Romeo H, Gonzalez Solveyra C, Vacas M, Rosenstein R, 
Barontini M, Cardinal! D. Origins of the sympathetic 
projections to rat thyroid and parathyroid glands. JAnton 
Nerv Syst\ 986; 17:63-70. 
17. Grunditz T, Sundler F, Hakanson R, Uddman R. Regulatory 
peptides in the thyroid gland. Adv Exp Med Biol 1989; 261: 
121-149. 
18. Flett DL, Bell C. Topography of functional subpopulations 
of neurons in the superior cervical ganglion of the rat. J 
Anat 1991; 177: 55-66. 
19. Melander A, Ericson L, Sundler F. Sympathetic regulation of 
thyroid hormone secretion. Life Sci 1974; 14:237-246. 
20. Lipinska S, Orlowska-Majdak M, Traczyk WZ. Vasopressin 
release from posterior pituitary lobe incubated in situ after 
preganglionic stimulation of the rat superior cervical 
ganglion. J Physiol Pharmacol 1992; 43: 367-372. 
21. Cardinal! D, Pisarev M, Barontini M, Juvenal G, Boado R, 
Vacas M. Efferent neuroendocrine pathways of sympathetic 
superior cervical ganglia. Early depression of the pituitary-
thyroid axis after ganglionectomy. Neuroendocrinology! 
1982; 35:248-254. 
22. Emmelin N, Trendelenburg U. Degeneration activity after 
parasympathetic or sympathetic denervation. Rev Physiol 
Biochem Exp Pharmacol 1972; 66: 148-204. 
23. Moore R, Bloom F. Central catecholamine neuron systems: 
anatomy and physiology of the norepinephrine and epine-
phrine systems. AnnuRevNewosci 1979; 2: 113-168. 
24. Bjorklund A, Moore R, Nobin A, Stenevi U. The organization 
of tubero-hypophyseal and reticulo-infundibular 








Cardinal! and Esquifino 56 
Biomeil Rev 9, 1998 
Neuroimmunoendocrinology and autonomic nervous system 
  
51:171-191. 
25. Cardinal! D, Vacas M, Fortis A, Stefano F. Superior cervical 1    
ganglionectomy depresses norepinephrine uptake, increases 
the density of a-adrenoceptor sites, and induces 
supersensitivity to adrenergic drugs in rat medial basal hy-
pothalamus. Nenroendocrinology 1981; 33: 199-206. 
26. Chiocchio S, Cardinal! D, Vacas M, Tramezzani J. Acute 
superior cervical ganglionectomy depresses the post-
castration rise of gonadotropins in male rats. Brain Res 
1984; 309:354-356. 
27. Nicholson G, Greeley G, Humm J, Youngblood W, Kizer J. 
Lack of effect of noradrenergic denervation of the hypo-
thalamus and medial preoptic area on the feedback 
regulation of gonadotropin secretion and the estrous cycle 
of the rat. Endocrinology 1978; 103: 599-566. 
28. EsquifinoAI, Arce A, MunozR, VillanuaM, Cardinal! DP. 
Changes in mediobasal hypothalamic dopamine and indo-
leamine metabolism after superior cervical ganglionectomy 
of rats. J Neural Transm 1996; 103: 287-298. 
29. Romeo HE, Spinedi E, EsquifinoAI, Estivariz F, Cardinali 
DP. Anterograde nerve degeneration after superior cervical 
ganglionectomy co-exists with a decrease of arginine vaso-
pressin release in rats. Neuroendocrinology 1991; 54: 346-
352. 
30. De Souza EB, Kuyatt BL. Alpha 1-adrenergic receptors in 
the neural lobe of the rat pituitary: autoradiographic 
identification and localization. Endocrinology* 1987; 120: 
2227. 
31. Cardinali D, Romeo H, Ochatt C, Moguilevsky J. Estrous 
cycle delay and inhibition of gonadotropin and prolactin 
release during sympathetic nerve degeneration after superior 
cervical ganglionectomy of rats. Neuroendocrinology 1989; 
50:59-65. 
32. Dziedzic B, Walczewska A. Gonadotropin-releasing 
   hormone (GnRH) content in the median eminence after 
 superior cervical ganglionectomy in ovariectomized and 
  estrogen-treated rats. Exp Clin Endocrine! Diabetes 1997; 
    105:57-62. 
33. Romeo H, Arias P, Szwarcfarb B, Moguilevsky J, Cardinali 
D. Hypothalamic luteinizing hormone-releasing hormone 
content and serum luteinizing hormone levels in male rats 
during Wallerian degeneration of sympathetic nerve 
terminals after superior cervical ganglionectomy. J Neural 
Transm Gen Sect 1991; 85:41-49. 
34. Langer P, Mess B, Ruzsas C, Gschwendtova K, Foldes O, 
Bukovska M. Studies and reevaluations of some aspects 
on thyroid function after superior cervical ganglionectomy in 
rats. Endocrinol Exp 1989; 23: 167-183. 
35. Cardinali DP, Esquifino AI, Arce A, Vara E, Ariznavarreta C, 
Tresguerres JAF. Changes in serum growth hormone and 
prolactin levels, and in hypothalamic growth hormone-
releasing hormone, thyrotropin-releasing hormone and so-
matostatin content, after superior cervical sympathectomy 
in rats. Neuroendocrinology 1994; 59: 42-48. 
36. Romeo HE, Spinedi E, Vacas MI, Estivariz F, Cardinali DP. 
Increase in adrenocorticotropin release during wallerian 
degeneration of peripheral sympathetic neurons after 
superior cervical ganglionectomy of rats. Neuroendocrinol-
ogv 1990; 51:213-218. 
37. Tan Y, Ogawa H. Effect of superior cervical sympathetic 
ganglionectomy on FSH, EH and GH cells of hypophyseal 
gland in female rats: a quantitative immunohistochemical 
study. Mosul 1996; 45: 1223-1234. 
38. Siaud P, Mekaouche M, Maurel D, Givalois E, Ixart G. Superior 
cervical ganglionectomy suppresses circadian corti-
cotropic rhythms in male rats in the short term (5 days) and 
long term (10 days). Brain Res 1994; 652: 273-278. 
39. Romeo H, Cardinali D, Boado R, Zaninovich A. Effect of 
superior cervical ganglionectomy on thyroidectomy-indu-
ced increase of serum TSH and on survival of rats in a cold 
environment. NeuroendocrinolLett 1986; 8: 269-273. 
40. Martin AI, Eopez-Calderon A, Tresguerres JAF, Gonzalez-
Quijano MI, Cardinali DP. Restraint-induced changes in 
serum luteinizing hormone, prolactin, growth hormone and 
corticosterone levels in rats: Effect of superior cervical 
ganglionectomy. Neuroendocrinology' 1995; 61: 173-179. 
41. Boado R, Romeo H, Chuluyan H, Callao E, Cardinali D, 
Zaninovich A. Evidence suggesting that the sympathetic 
nervous system mediates thyroidal depression in 
turpentine-induced nonthyroidal illness syndrome. 
Neuroendo-crinology 1991; 53: 360-364. 
42. Eipinska S, Traczyk WZ. Increase in vasopressin release 
into the hypophysial portal blood after superior cervical 
ganglion stimulation in rat. J Physio! Pharmacol 1997; 48: 
423433. 
43. Goraca A, Traczyk WZ. Cardiodepressant activity in the 
medium incubating in situ the posterior pituitary lobe during 
vagal afferent or superior cervical ganglion stimulation. 
AnnNYAcadSci \993- 689: 680-682. 
44. Vanhatalo S, Soinila S. Pituitary gland receives both central 
and peripheral neuropeptide Y innervation. Brain Res 1996; 
740:253-260. 
45. Reichlin S. Neuroendocrinology. In: Williams RH, editor. 
Textbook of Endocrinology, 5th ed, Saunders, Philadelphia. 
1974; 774-826. 
46. Kacem K, Bonvento G, Seylaz J. Effect of sympathectomy 
on the phenotype of smooth muscle cells of middle cerebral 
and ear arteries of hyperlipidaemic rabbits. Histochem J1997; 
29:279-286. 
47. Goplerud JM, Wagerle EC, Delivoria-Papadopoulos M. 
Sympathetic nerve modulation of regional cerebral blood 
flow during asphyxia in newborn piglets. Am JPhysiol 1991; 
260:H1575-H1580. 
48. Kahrstrom J, Hardebo JE, Nordborg C, Owman C. Neonatal 
pre-ganglionic sympathectomy affects morphometrically 








Biomed Rev 9, 1998 
  
  
Scand 1996; 157:225-231. -   .    -   •• 
49. Moreno MJ, Lopez de Pablo AL, Marco EJ, Sadoshima S, 
Fujii K, Kusuda K et al. Cervical gangliectomy does not 
affect in vitro tryptophan hydroxylase activity in rat brain 
base arteries Importance of bilateral sympathetic innerva-
tion on cerebral blood flow autoregulation in the thalamus. 
Brain Res 1987; 413:297-301. 
50. Wei HM, Sinha AK, Weiss HR. Cervical sympathectomy 
reduces the heterogeneity of oxygen saturation in small 
cerebrocortical veins. JAppl Physio! 1993; 74: 1911 -1915. 
51. Nijland MJ, Mitchell D, Mitchell G. Selective brain cooling 
after bilateral superior cervical sympathectomy in sheep 
(Ovisaries).PflugersArch 1990;417: 375-381. 
52. Lipinska S, Szkudlarek U, Traczyk WZ. Hypophysial portal 
blood flow during preganglionic stimulation of the 
superior cervical ganglion under condition of systemic 
arterial blood pressure stabilization in rat. Acta Physio! Pol 
1990; 41:53-62. 
53. Friedgood H, Cannon W. Autonomic control of thyroid 
secretion. Endocrinology 1940;26: 142-152. 
54. Ahren B. Thyroid neuroendocrinology: neural regulation of 
thyroid hormone secretion. Endocr Rev 1986; 7: 149-155. 
55. Sundler F, Grunditz T, Hakanson R, Uddman R. Innervation of 
the thyroid. A study of the rat using retrograde tracing and 
immunocytochemistry. Acta Histochem 1989; 37 (Suppl): 191-
198. 
56. Ahren B, Hedner P. Mechanism for the inhibitory action of 2-
deoxyglucose on thyroid hormone secretion in the mouse. 
Neuroendocrinology 1989; 49: 471-475. 
57. Lewinski A. Pituitary is not required for the compensatory 
thyroid hyperplasia. Hormone Res 1981; 15: 189-197. 
58. Pisarev M, Cardinal! D, Juvenal G, Vacas M, Barontini M, 
Boado R. Role of the sympathetic nervous system in the 
control of goitrogenic response in the rat. Endocrinology 
1981; 109:2202-2207. 
59. Romeo HE, Boado RJ, Cardinali DP. Role of the 
sympathetic nervous system in the control of thyroid 
compensatory growth of normal and hypophysectomized 
rats. Neuroendocrinology 1985; 40: 309-315. 
60. Jones MA, Marfurt CF. Sympathetic stimulation of corneal 
epithelial proliferation in wounded and nonwounded rat 
eyes. Invest Ophthalmol VisSci 1996; 37: 2535-2547. 
61. Cardinali DP, Romeo HE, Boado RJ, Deza S. Early inhibition 
and changes in diurnal rhythmicity of the pituitary-thyroid 
axis after superior cervical ganglionectomy. JAuton Nerv 
Syst\ 986; 16:13-21. 
62. Muraki T, Uzumaki H, Nakadate T, Kato R. Involvement of 
P1 -adrenergic receptors in the inhibitory effect of catechola-
mines on the thyrotropin-induced release of thyroxine by 
the mouse thyroid. Endocrinology 1982; 110:.51-54. 
63. Ishii J, Shizume K, Okinaka S. Effect of stimulation of the 
vagus nerve on the thyroidal release of 1311-labeled hor-
mones. Endocrinology 1968; 82: 7-16. 
64. Pilo B, John T, Pemsingh R, George J. Post-vagotomy 
changes in the ultrastructure of the thyroid and circulating 
levels of its hormones in the pigeon. Cytobios 1984; 41: 
175-180. 
65. Romeo HE, Diaz MC, Ceppi J, Zaninovich AA, Cardinali 
DP. Effect of inferior laryngeal nerve section on thyroid 
function in rats. Endocrinology 1988; 122:2527-2532. 
66. Heath H. Biogenic amines and the secretion of parathyroid 
hormone and calcitonin. Endocr Rev 1980; 1: 319-338. 
67. Cardinali DP, Sartorio G, Eadizesky MG, Guillen CE, Soto 
RJ. Changes in calcitonin release during sympathetic nerve 
degeneration after superior cervical ganglionectomy of rats. 
Neuroendocrinology 1986; 43: 498-503. 
68. Stern JE, Eadizesky MG, Keller Sarmiento MI, Cardinali DP. 
Involvement of the cervical sympathetic nervous system in 
the changes of calcium homeostasis during turpentine oil-
induced stress in rats. Neuroendocrinology 1993; 57: 381-
337. 
69. Stem JE, Eadizesky MG, Keller Sarmiento MI, Cardinali DP. 
Effect of sympathetic superior cervical ganglion ablation 
on parathyroid hormone and calcium levels in the rat. 
Newoendocrinol Lett 1993; 15:221-226. 
70. Stem JE, Esquifino AI, Garcia Bonacho M, Cardinali DP. 
The influence of cervical sympathetic neurons on 
parathyroid hormone and calcitonin release in the rat. 
Independence of pineal mediation. J Pineal Res \ 997; 22: 9-
15. 
71. Melander A, Sundler F. Presence and influence of cholin-
ergic nerves in the mouse thyroid. Endocrinology' 1979; 
105:7-9. 
72. Shoumura S, Iwasaki Y, Ishizaki N, Emura S, Hayashi K, 
Yamahira T et al. Origin of autonomic nerve fibers innervating 
the parathyroid gland in the rabbit. Acta Anat 1983; 
115:289-295. 
73. Stern JE, Keller Sarmiento MI, Cardinali DP. Parasympa-
thetic control of parathyroid hormone and calcitonin secretion 
in rats. JAuton Nerv System 1994; 48: 45-53. 
74. Cardinali DP, Eadizesky MG. Changes in parathyroid 
hormone and calcium levels after superior cervical 
ganglionectomy of rats. Neuroendocrinology 1985; 40: 291-
296. 
75. Stem JE, Guinjoan SMA, Cardinali DP. Correlation between 
serum and urinary calcium levels and psychopathology in 
patients with affective disorders. J Neural Transm 1996; 
103:509-513. 
76. Stern JE, Cardinali DP. Effect of parathyroid hormone and 
calcitonin on cholinergic markers in rat parathyroid gland. J 
Newoendocrinol 1995; 7: 689-653. 
77. Stern JE, Cardinali DP. Effect of parathyroid hormone and 
calcitonin on acetylcholine release in rat sympathetic 
superior cervical ganglion. Brain Res 1994; 650: 267-274. 
78. Eanda ME, Gonzalez Burgos G, Cardinali DP. In vitro 
effects of thyroxine on cholinergic neurotransmission in rat 
sympathetic superior cervical ganglion. Neuroendocrinol-






Cardinal and Esquifino 58 
Biomed Rev 9, 1998 
Neuroimmunoendocrinology and autonomic nervous system 
  
79. Cardinal! DP, Cutrera RA, Castrillon P, Garcia Bonacho M, 
Selgas L, Esquifmo AI. Circadian organization of immune        
response in rat submaxillary lymph nodes: A site for mela-tonin 
action. Front Harm Res 1996; 21: 60-70. 
80. Kurepa Z, Rabatic S, Dekaris D. Influence of circadian light-
dark alternations on macrophages and lymphocytes of CBA 
mouse. ChronobiolInt 1992; 9: 327-340. 
81. Ratajczak H, Lange R, Sothern R, Hagen R, Vescei P, Wu J         
Surgical influence on murine immunity and tumor growth: 
Relationship of body temperature and hormones with splenocytes. 
Proc Soc Exp Biol Med \ 992; 199: 432-440. 
82. Esquifmo AI, Selgas L, Delia Maggiore V, Castrillon P,         
Cardinal) DP. Diurnal changes in cyclosporine effect on ornithine 
decarboxylase, noadrenergic and cholinergic activities in submaxillary 
lymph nodes. EwJPharmacol 1997;         . 319:181-189. 
83. Esquifmo AI, Selgas L, Arce A, Delia Maggiore V, Cardinal! DP. 
Twenty four hour rhythms in immune responses in rat submaxillary 
lymph nodes and spleen. Effect of cyclospo-         r'me. Brain Behav 
Immun 1996; 10:92-102. 
84. Cardinali DP, Brusco LI, Selgas L, Esquifmo AI. Melatonin: A 
synchronizing signal for the immune system. Neuroendo- 
     crinolLett 1997; 18:73-84. 
85. Cardinali DP, Cutrera RA, Castrillon P, Esquifmo AI.      
Diurnal rhythms in ornithine decarboxylase activity and 
norepi-nephrine and acetylcholine synthesis of rat 
submaxillary lymph nodes: Effect of pinealectomy, superior 
cervical gan-glionectomy and melatonin replacement. 
Newoimmunomo-dulation 1997; 3: 93-101. 
86. Cardinali DP, Cutrera RA, Garcia Bonacho M, Esquifmo 
AI. Effect of pinealectomy, superior cervical 
ganglionectomy and melatonin treatment on 24-hour 
rhythms in ornithine decarboxylase and tyrosine 
hydroxylase activities of rat spleen. J Pineal Res 1997; 22: 
210-220.  
87. Reiter RJ. Functional pleiotropy of the neurohormone 
melatonin: antioxidant protection and neuroendocrine 
regulation. FrontNeuroendocrinol 1995; 16: 383-415. 
88.Arendt J. Melatonin and the Mammalian Pineal 
Gland. Chapman and Hall, Eondon. 1995. 
89. Maestroni GJ. Melatonin as a therapeutic agent in 
experimental endotoxic shock. J Pineal Res 1996; 20: 84-89. 
90. Besedovsky HO, Del Rey A. Immune-neuroendocrine 








































Biomed Rev 9, 1998 
